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Blood-compatible composition and medical device using same 



(57) The present invention provides a blood-com- 
patible composition containing an ionic complex con- 
sisting of an organic cationic compound and heparin or 
a derivative thereof, wherein the organic cationic com- 
pound is an ammonium or a phosophonium bound with 
four aliphatic alkyl groups, the four aliphatic alkyl groups 



having a total number of carbon atoms of 24 to 32, and 
has at least 2 alkyl groups having not less than 10 car- 
bon atoms. A medical device capable of long-term sus- 
tention of antithrombogenicity can be produced by coat- 
ing the surface of the medical device with the composi- 
tion. 
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Description 



TECHNICAL FIELD OF THE INVENTION 



[0001] The present invention relates to a blood-compatible composition useful as a coating material lor medical 
devices used in contact with blood. The present invention also relates to a medical device coated with said composition 
and having an improved compatibility with blood. 



BACKGROUND OF THE INVENTION 



[0002] Along with the progress of medicine, more medical devices made from a polymer material have been widely 
used, and highly advanced medical devices such as assistant circulation devices (e.g., artificial heart, artificial kidney 
_£um£^xyjenator, mtra-aortic balloon pumping and the like), catheters for various diagnoses and therapies synthetic 
-vascular prosthesis and the like have been put to practical use. However, most of these medical devices are made 
from polymer materials developed for industrial use without modification, and they require a combined use of an anti- 
coagulant when in use. that_pigventsj Qagulation of blood on contact with the medical devices 
[0003] However, anticoagulants not only prevent coagulation on the surface of a medical device but also deprive 
systemic hemostatic function. The use, therefore, is associated with the risk of causing complications such as hemor- 
rhage at the site of insertion or use of medical device, at an operative wound and. in a serious case, from a cerebral 
vessel. Thus, in an attempt to prevent the above-mentioned complications, methods have been studied that involve 
imparting antithrombogenicity to a medical device, thereby to reduce administration of anticoagulant. 
[0004] As a method for impartin g antithrombogenicity to a medical device, there have been practiced (A) a method 
comprising mixing highly fine particles ot a polymer material and an anticoagulant substance (e.g.. heparin) dispersing 
the mixture in a solvent and applying the resulting dispersion ontoa medical device, (B) a method comprising introducing 
cation groups such as quaternary ammonium salts into a polymer, dissolving the cation group-containing polymer in 
a solvent, applying the solution onto a medical device and bringing an aqueous solution of heparin into contact therewith 
to form ionic bonds between anion groups in heparin and cation groups in the polymer, (C) a method comprising 
introducing amino groups or aldehyde groups into heparin, directly immobilizing substances or functional groups ca- 
pable of crosshnking with the above-mentioned functional groups onto a medical device to be a substrate and covalently 
binding them to immobilize heparin, and (D) a method comprising binding organic cations to anion groups in heparin 
to make the heparin water-insoluble but soluble to a specific organic solvent and applying the heparin solution onto 
the medical device. 

[0005] According to the method (A), however, heparin is directly eluted into blood, so that quick elution occurs in the 
early stage and antithrombogenic effect is soon disappears. In addition, small holes remain on the surface of the 
medical device after elution of heparin, thereby possibly causing formation of thrombus on the holes. 
[0006] The method (B) can provide an antithrombogenic material capable of maintaining higher anticoagulant activity 
for a long time due to ionic bond. However, this method requires two separate steps of coating a medical device with 
a gugternary ammonium salt-containing polymer to be a substrate and of binding heparin to the surface of the coated, 
medical device. This in turn increases production cost of a medical device to be in contact with blood which should 
be disposable. 

[0007] The method (C) aims at antithrombogenicity retained for an extended period of time by semi-permanently 
immobilizing heparin on the surface of a medical device. However, the heparin immobilized on the surface by a covalent 
bond has limited mobility and cannot bind sufficiently with antithrombin III required for an expression of antithrombo- 
genicity, to the point that the surface cannot exert sufficient antithrombogenicity. 

[0008] The method (D) comprises dissolving water-insoluble toridecylmethylammonium chloride in isopropyl alcohol 
applying the solution onto the surface of a medical device, and then bringing the surface into contact with an aqueous 
solution of heparin to form an ionic complex of toridecylmethylammonium and heparin on the surface whereby to 
provide antithrombogenicity. Like the method of (B). this method again requires two separate steps of coating a medical 
device with toridecylmethylammonium chloride and of binding heparin, which is undesirable from the aspects of cost 
and work efficiency. 

[0009] For this shortcoming to be obliterated, a method has been proposed, which comprises dissolving an ionic 
complex of a benzalkonium salt and heparin in isopropyl alcohol and applying the solution onto the surface of a medical 
device. According to this method, the ionic complex is formed first, so that a single step of coating is sufficient. In 
addition, this solution is sold on the market and easily available. However, benzalkonium salts are produced from an 
aromatic halide as a starting material, which leaves an issue with the safety of residual starting material. Furthermore, 
the high cytotoxicity of the resultant benzalkonium salt, as evidenced by the use thereof as a bactericide during 
operation, poses the risk of hemolysis once it elutes out into the blood. Another problem ol this method is in connection 
with the retention of antithrombogenicity during a long-term use of the medical device, because this ionic complex has 
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poor durability in blood. 
[0010] 



[00111 II | S iherelore an Slii oMhi ~ ^ P ,oduel, °" e»i<*ncy. preauclior, cost and safely 

SUMMARY OF THE INVENTION 

cl impaling a suslalnedan*^^ 

[001 3] Accordingly, the present invention provides a novel blood-comnatihi* 

plex comprising an organic cationic comoounrt J !!! Dlood <ompatibte composition comprising an ionic corn- 
being an ammonium o? a 7hoso P honium ^^f^ZA*?™** ,here °'' 1,16 ° f9anic cationic com P°"" d 
>5 tota, number of carbon atoms ^S^nZTeM^^ZTauo.T 4 9r ° UpS haVi " 9 a 

preferably, the blood-compalible-B5n^£ T^erZ ^LTt^lZT ' 9 **J>» ,ha " 10 Carbon a,oms; 
blood-compatible composftion where* the^i^o^™ hf ! % 9 ° UpS methyl; and more P^ferably. the 

carbon atoms. The presentTnve^^ l6 Z m ° re earbon atoms have lne «™ number of 

the above-mentioned ionic complexes P blood-compatible composition comprising two or more kinds of 

20 ^TlnJ^nZ^T 0 " ,UrthSr Pr ° VideS 3 medical deviCe *«• "I- ^ -ted with any o, the above- 

more, the inventive co^n^SS^^^^^^ IT'T * W ' ,h b ' 00d " h - n in use - Furth - 

°H*e citing, which is 

DETAILED DESCRIPTION OF THE INVENTION 

to the nitrogen atom or phosphorus atom and iha . b ° n a, ° mS In 4 alk >" 9 rou P s bindin 9 

Liol compound TS'S 32 p^bTy 'S^T andm *' "Tk? ^ ^ « 9r ° UpS in the 
atoms of alkyl groups is less Than 2?W»Lf -T ? * P re,erabl V 26 to 30. When the total number of carbon 
tained for abng «me On S,^n7Z^"th^. ^ **? ^ "* ^ ^"'^enicity cannot be sus- 
complex cannofexert suff Ee ac ivit at 2 clnV^T^^ ^ to m ° fe ,han 32 ' he P arin in - 
[0018] Furthermore at S > c X contact s.te with blood due to high hydrophobic^ of the alkyl groups 

Up. having ^nZX^J^J^^ ^ ^ "* a " phatic ^ 

elution of heparin while maintaining sMcienTac SSSSt .h" S ° ,hal ,he com P° und «« prevent the 

aliphatic alkyl groups may haveThe same or d TJ L, k ^ SUrtaC8 °' 3 medica ' device - These ^ng^ain 

numbers fo/faci, Jed synthesis fnd ^ qu Jity^roi " ^ ^ « he Sa ™ cart > on 

1 to 4 carbon atoms. Partfc* ar yTe ^ 9r ° UpS M '° Wer a ' kyl 9rOU P s havin 9 

for binding with heparin because olZ^ h JSS^ > ^ ^ SUCh ^ ^ 9r ° Up is ^ntageous' 

be any derivative of heparin as lona as it reLin, a J " sj e " en,,a,co " 1 P onen «- As used herein, the heparin derivative may 

comprises at LasLe kJoZ^^Z^J^l^T^ nePartn " 3 " epa "" ae * afoe - as to 3 as « 
S U c h aca,,o„,™ P ,als P ra ^r~^ 
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ITU n^" tobeeStl? a,ky ' iS ' eSS ^ 24 ° f — *" 32 " b — " « con tro , the 

[0023] Alternatively, the inventive ionic complex can be mixed with other powers and applied to the surface of „ 
s r00241 iZ^^r inC ' Ude, H ,0r 6Xample - P°^ retha » e - cLride), po^rto^lSt^ 

COmPOSrt, ° n °' ,h8 PreSent inVentto " Ca " be b V -'nod. for example by 

L°tSf ] < ; pS, h K Parin ° r 8 h6Parin derivative fe disso,v ^ in an appropriate amount of water to give an aqueous so- 
lution. Separately, an ammonium salt or a phosphonium salt having 4 alkyl groups wherein the total number 0 1 r=,h™ 
atoms .n the alkyl groups is 24 to 32. is dissolved in C r C 3 alcohol Then C,-C, alcohol i ad^dT^ 
Sbll^Th T" iS f ^ ,0 S °' Uti0n °' the^mmoniums";, S phConi m 
It ? ^ ,he f me fina ' com P° s " ion - W " e " h«Par-n or ammonium salt or phosphonium sTtS 

^:Z^s~ " h6ated " ^ t0 ,emPSra,Ure 31 WhiCh ,he Preci ^ e — - 7e scZZ e % 
[0026] Subsequently, the solution o f ammonium salt or phosphonium salt is added dropwise to the heoarin solution 
'5 under stirring. Heparin and the organic cation group react almost instantaneously to general a ^reci P ftafe Th to T 
ciprtate ,s recovered and thoroughly washed to remove unreacted organic cation and heparin ' ' 

imf nl JSlnf, 9 P ; eC ' P J! a,e is centrif »9ed and lyophilized to remove the solvent completely, and dissolved in an 
Ztl , k I C c ° a,m9 - 1,16 ° r9aniC S °' Vent Varies de P e "ding on the object to be coated namely the medica" 

» tZouellTZ fl e T ple ; , THF h L pre,erab,y used ,or po,y(vin y' chloride h^b^ r^JSt ™£SS 

n frequently utilized as a material for medical devices, and alicyclic hydrocarbon or aliphatic hydrocarbon is preferably 
used for polycarbonate. When the resultant ionic complex is insoluble in these organic solvents ^^u£E££? 

ro02^ As used 1 ° r * a ™ sol ™r^°*y ionic complex in the organic solvent can be dissolved 
25 Ef? ^ ' a med ' Cal deV ' C8 refers 10 any medical device 'hat comes into contact with blood when in 

* use. Such a med.cal dev.ee includes, for example, assistant circulation devices (e.g.. artificial heart art^ltdnev 

Example 1 

^L^S^^S^T!^ Ch, ° ride 08 9) and ^hy.ditetradecylphosphonium chloride (60 parts) 

i?H nfl concentration of 70%. Then, heparin (32 parts) was dissolved in water (70 parts) and me manors 
added to the concentration of 30%, during which, a part of heparin precipitated out to form a L P enlTT2s°lZn 
tTthe'solutio^f H ° ,0 T* S3me 3 h0m °9 enous s °'^ion. The solution of phosphonium saS wa d"opw sodded 
orll*T« 1 Pann J " nd ! r T * reaCtant — inSOluble in the solvent - and immediately precipitated This 
40 c S3! TJr , f COVe Hf a " d WaSh6d th ° rOU9h,y l ° remove tne unreacted heparin and phosphonium salt The 2- 
disso vedin tT"1 removewate / and finally lyophilized to give a white powder. The resuLg white powder was 
end on ho T 1 ■ concentrate of 0. 1 %. A PVC tube (3 mm in inner diameter) was coated with the solution One 

end of the tube was clamped to grve a test tube-like tube (5 cm in length). Similarly a tube (3 mm in inner diameter 1 
m in length) was coated with this solution, one end of which was connected to a three-way coTk 

45 Example 2 

wasILJTn 7^!! ° btained in EXamp ' e 1 W3S diSSOlved in THF to ,he concentration of 0.1 %. To this solution 

was added polyether type segmented polyurethane (Tecoflex hardness 80 A. Thermedics Inc.) which was dissoVedto 

so T T 1 % ' A PVC ,Ub8 (3 mm in inner diame,er) Was coa,ed with «he solution, and one end of the tube 

rid 9 T 3 ,eSt tUbe "' ike ,UbS (S Cm in len9th >- Simi,arl * a ,ube ( 3 «™ *i i"ner diameter. 1 m in lenl) waS 

coated with this solut.on. one end of which was connected to a three-way cock. 



Example 3 



" iTd?^ Q mS Y i?i^ PartS) an * d imethyldUetradecylammonium chloride (19 parts) were 

add!d ( f S S,,rm9 3nd diSS ° ,Ved - Af,er c °n«rming they were completely dissolved water was 

JSf;nTr n, h d • dUfin9 M 3 P3rt °' amm ° niUm S3lt P reci P italed »«t suspension w^s heaTed 
. to 50 C to make same a homogeneous solution. Then, heparin (10 parts) was dissolved in water (25 parts) and 
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™ added, ° th< ! C °? Ce "^ i0n °' **■ <hiS Step ' 3 part °' he P arin a,so P«*«W«* to form a suspension 

This suspension was heated to 70»C to make same a homogenous solution. The solution of ammonium sTwTs 
dropw.se added to the so.ution of heparin under stirring. The reactant was insoluble in the solvent, and Jmrn^v 

FuZTT. P ; e t dPita,e ? C ° Vered 3nd WaSh6d thorOU 9 h, y to remove unreac,ed and amlS sa 7 

Further, the precptote was centnfuged to remove water and finally lyophilized to give a white powder The resuUino 

\Z°Z e l d ? SO ' Ved ? ?T l ° Concenlration " 01% - A PVC tube (3 mm in inner LJe^as ^Si 
with the solution and one end of the tube was clamped to give a test tube-like tube (5 cm in length). Similarly aTube 
(3mm .n inner diameter. 1 m in .ength) was coated with this solution, one end of which was connec ted o a three^ay 



Example 4 



V ^ 7 parts) ' dimethylditetradecylammonium chloride (58 parts) dimeth- 

/In ? V T cn,or,cw t«*partSTand dimethyldistearylammonium chloride (31 parts) were added to riiethanol 
(50 parts) under stirring and dissolved. After confirming they were completely dissolved, water was added to the con- 
centrate of 70%. dunng which a part of ammonium salt precipitated but dissolved by heating the suspension to 7VC 
o give a homogenous solution. Then, heparin (50 parts) was dissolved in water (120 parts), and methanol was added 
to the concentration of 30%. In this step, a part of heparin also precipitated to form a suspension, but the suspension 
was heated to 70 C to make same a homogenous solution. The solution of ammonium salt was dropwise added to 
the solution of hepar.n under stirring. The precipitate was insoluble in the solvent, and immediately precipitated This 
preaprtate was recovered and washed thoroughly^ remove unreacted heparin and ammonium salt. Further, the pre- 

riES 1h 3S Twct ,1 l ° rem ° Ve Wa,6r and fina " y WMzed to 9^ a white powder. The resulting white powder was 
^ZTk concentrat.cn of 0.1 %. A P VC tube (3 mm in inner diameter) was coated with the solution, and 

Tm f„ £ ^ J° 9iVe 3 t6St tUbe * like ,Ube (S cm in ,en 9 tn >- Similar| y- a ,ube ( 3 ™" in i"ner diameter. 

1 m in length) was coated wrth this solution, one end of which was connected to a three-way cock. 

Example 5 

[0034] Dibutyldilaurylphosphonium chloride (27 parts) was added to methanol (15 parts) under stirring and dissolved 
After confirming they were completely dissolved, water was added to the concentration of 70% and the solution was 

T^nSwf J^ h ° Pam °° partS) WaS disso,ved in water < 25 P arts >. a " d methanol was added to the concen- 
tration of 30 /o. In this step, a part of hepann precipitated but dissolved by heating the suspension to 70°C to qive a 
homogenous solution The solution of phosphonium salt was dropwise added to the solution of heparin under stirring 
The reac ant was insoluble in the solvent, and immediately precipitated. This precipitate was recovered and washed 
wftTr f hV° ;, emove " nreac,ed neparin and phosphonium salt. Further, the precipitate was centrifuged to remove 

rSn lof il " Z , ed l° 9 ' Ve 3 Whi,e pOWden The resu,,ino whi,e P° wder was dissolved in THF to the concen- 
trate of 0. 1 /o. A PVC tube (3 mm in inner diameter) was coated with the solution, and one end of the tube was clamped 
to give a test tube-like tube (5 cm in length). Similarly, a tube (3 mm in inner diameter. 1 m in length) was coated with, 
this solution, one end of which was connected to a three-way cock. 

Comparative Example 1 

[0035] Dimethyldidecylammonium chloride was added to methanol (19.5 parts) under stirring and dissolved After 
conhrmmg it was completely dissolved, water was added to the concentration of 70% and the solution was heated to 
, C ° 9 " e a hom °genous solution. Then, heparin (10 parts) was dissolved in water (25 parts), and methanol was 

ITl Z^°ZV! aU0 \ 0t 3 ° % - ,hiS S,eP ' 3 Part ° f hepann Palpitated to form a suspension. This suspension 
was heated to 70 C to make same a homogenous solution. The solution of ammonium salt was dropwise added to 
the solution of hepar.n under stirring. The reactant was insoluble in the solvent, and immediately precipitated This 
precipuate was recovered and washed thoroughly to remove unreacted heparin and ammonium salt. Further, the pre- 
c.pita e was centr.f uged to remove water and finally lyophilized to give a white powder. The resulting white powder was 
dissolved in THF to the concentration of 0.1%. A PVC tube (3 mm in inner diameter) was coated with the solution, and 
one end of he tube was clamped to give a test tube-like tube (5 cm in length). Similarly, a tube (3 mm in inner diameter. 
1 m in length) was coated with this solution, one end of which was connected to a three-way cock. 

Comparative Example 2 

[0036] Benzylmethylstearylammonium chloride (65 parts) was added to methanol (25 parts) under stirring and dis- 
solved. After conf,rm.ng it was completely dissolved, water was added to the concentration of 70%. Then, heparin (30 
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10 



parts) was dissolved in water (70 parts), and methanol was added to the concentration of 30% In this steo a Dart of 
heparin precipitated to form a suspension, but this suspension was heated to 70°C to make same a homogenous 
solution. The solution of ammonium salt was dropwise added to the solution of heparin under stirring The orecioitate 
was insoluble in the solvent, and immediately precipitated. This precipitate was recovered and washed thorouohly to 
remove unreacted heparin and ammonium salt. Further, the precipitate was centrifuged to remove water and finally 
lyophilized to give a white powder. The resulting white powder was dissolved in THF to the concentration of 0 1% A 
PVC tube (3 mm in inner diameter) was coated with the solution, and one end of the tube was clamped to Give a test 
tube-Uke tube (5 cm in length). Similarly, a tube (3 mm in inner diameter. 1 m in length) was coated with this solution 
one end of which was connected to a three-way cock. 

Comparative Example 3 



PS2 . ^ rid ° dec y |meth y ,ammonium cf iloride (1 0 parts) was dissolved in isopropyl alcohol to the concentration of 1 % 
A PVC ube (3 mm in inner diameter) was coated with the solution, and an aqueous solution of 1% heparin was filled 
therein o immobilize heparin. One end of the tube was clamped to give a test tube-like tube (5 cm in length) Similarly 
a tube (3 mm in inner diameter. 1 m in length) was coated with the above solution of tridodecylmethylammonium 
chlor.de. and an aqueous solution of 1% heparin was filled therein to immobilize heparin. One end of this tube was 
connected to a three-way cock. 

2° Test Example 1 

E?!? E£ t Ch tSSt ,Ube "' ike tUbe P re P ared in Examples 1-5 and Comparative Examples 1-3 was filled with bovine 
blood supplemented with citric acid (1.5 ml) and incubated at 37°C. To the tube was added 1/40 N calcium chloride 
solution to start coagulation. After incubation for 3 min, an aqueous solution of trisodium citrate was added again to 
stop the coagulation. The thrombus coagulated in the tube was harvested and accurately weighed. For observation of 
the durability of blood-compatibility, the same evaluation was performed after the tube was immersed in physiological 
saline for a week. In each experiment, the same measurement was conducted using a non-coated PVC tubels a 
control. The results are shown in Table 1. The values in Table 1 represent relative weights of thrombus generated in 
the tubes, wherein the amount of thrombus generated in a glass test tube having the same diameter was taken as 1 
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Treatment 




I 


Example 


Comparative Example 


1 


2 


3 


4 


5 


1 


2 


3 


Non-coated 


Not treated 


0 


0 


0 


0 


0 


12 


32 


11 


78 


Immersed in saline for 1 week 


0 


2 


4 


0 


0 


78 


65 


67 


85 



Test Example 2 

[0039] From one opening of the three-way cock connected with each tube prepared in Examples 1 -5 and Comparative 
Examples -3. fresh blood obtained from a rabbit (Japanese white) supplemented with citric acid was infused into the 
tube Simultaneously. 1/40 N calcium chloride solution was infused thereinto from the other opening of the cock The 
b ood and calcium chloride solution were infused with syringe pumps by 50 ml/min and 5 ml/min. respectively ." The 
blood was re-activated in the tube and began to coagulate. After complete passage of the blood through the tube the 
ocation of thrombus was observed and the area thereof was measured. The measurement of the area was based on 
the observation of the adhesion of fibrin nectar onto the surface of the tube with a scanning electron microscope 
Further, the same evaluation was performed after circulation of physiological saline heated at 37°C in the tube for a 
week. In each experiment, the same measurement was carried out using a non-coated PVC tube as a control The 
results are shown in Table 2. The values in Table 2 represent percentages of the areas to which the thrombus adhered 
after the circulation of the blood. 
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Table 2 



Treatment 




Example 


Comparative Example 




1 


2 


3 


4 


5 


1 


2 


3 


Non-coated 


Not treated 


0 


0 


0 


0 


0 


0 


0 


26 


88 
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Table 2 (continued) 



Treatment 




Example 


Comparative Example 




1 


2 


3 


4 


5 


1 


2 


3 


Non-coated 


Immersed in saline for 1 week 


0 


0 


0 


0 


0 


36 


54 


76 


85 



[0040] As is obv.ous from Table 1 and Table 2, the PVC tubes coated with the ionic complexes, which consisted of 
the organic cat.onic compound of the present invention and heparin, showed higher and long-term sustention of anti- 
10 thrombogemcity as compared to those coated with the ionic complexes of the cation groups falling outside the scope 
of the present invention and heparin. 



Claims 

1. A blood-compatible composition comprising an ionic complex comprising an organic cationic compound and 
heparin or a heparin derivative, wherein said organic cationic compound is an ammonium or a phosophonium 
bound with four aliphatic alky! groups, said four aliphatic alkyl groups having a total number of carbon atoms of 24 
to 32, and has at least 2 alkyl groups having not less than 10 carbon atoms. 

2. The composition of claim 1, wherein the two alkyl groups are methyl. 

3. The composition of claim 1, wherein the two alkyl groups have the same number of carbon atoms, which is not 
less than 10. 

4. A blood-compatible composition comprising at least two different ionic complexes of claim 1 . 

5. A medical device whose surface is coated with the ionic complex of claim 1 . 
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